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Land Cover Change and Hydrologic Response 

Introduction In this exercise you will investigate the manner in which land cover changes over a 5 
year period have affected runoff processes in/around Denver, CO. 

Goal To familiarize yourself with AGWA and the various uses and limitations of hydrologic 
modeling for landscape assessment. 

Assignment Run the SWAT model on a HUC10 watershed in the Middle South Platte-Cherry Creek 
HUC8 and the KINEROS2 model on a HUC12 using 2001 and 2011 NLCD land cover. 

An Introduction to Land Cover Change Assessment  
The basic tenet of watershed management is that direct and powerful linkages exist among spatially 

distributed watershed properties and watershed processes. Stream water quality changes, especially 

due to erosion and sediment discharge, have been directly linked to land uses within a watershed. For 

example, erosion susceptibility increases when agriculture is practiced on relatively steep slopes, while 

severe alterations in vegetation cover can produce up to 90% more runoff than in watersheds unaltered 

by human practices. 

The three primary watershed properties governing hydrologic variability in the form of rainfall-runoff 

response and erosion are soils, land cover, and topography. While topographic characteristics can be 

modified on a small scale (such as with the implementation of contour tillage or terracing in agricultural 

fields), variation in watershed-scale hydrologic response through time is primarily due to changes in the 

type and distribution of land cover. 

Watershed modeling techniques are useful tools for investigating interactions among the various 

watershed components and hydrologic response (defined here as rainfall-runoff and erosion 

relationships). Physically-based models, such as the KINEmatic Runoff and EROSion model (KINEROS2; 

Smith et al., 1995; Semmens et al., 2008; Goodrich et al., 2012; www.tucson.ars.ag.gov/kineros) are 

designed to simulate the physical processes governing runoff and erosion (and subsequent sediment 

yield) on a watershed. Lumped parameter models such as the Soil & Water Assessment Tool (SWAT; 

Arnold et al., 1998; Arnold and Fohrer, 2005; www.brc.tamus.edu/swat/) are useful strategic models for 

investigating long-term watershed response. These models can be useful for understanding and 

interpreting the various interactions among spatial characteristics insofar as the models are adequately 

representing those processes. 

The percentage and location of natural land cover influences the amount of energy that is available to 

move water and materials. Forested watersheds dissipate energy associated with rainfall, whereas 

watersheds with bare ground and anthropogenic cover are less able to do so. The percentage of the 

watershed surface that is impermeable, due to urban and road surfaces, influences the volume of water 

that runs off and increases the amount of sediment that can be moved. Watersheds with highly erodible 

soils tend to have greater potential for soil loss and sediment delivery to streams than watersheds with 
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non-erodible soils. Moreover, intense precipitation events may exceed the energy threshold and move 

large amounts of sediments across a degraded watershed (Junk et al., 1989; Sparks, 1995). It is during 

these events that human-induced landscape changes may manifest their greatest negative impact. 

The Study Area 

 

Figure 1. Location Map of the study area, near Denver, Colorado.  

This exercise examines the effects of land cover change on the hydrology of a particular watershed near 

Denver, Colorado. The results disclose immediate changes to the hydrologic regime that are attributable 

to development and land cover change. 

Getting Started  
Start ArcMap with a new empty map. Save the empty map document as tutorial_SouthPlatte in the 

C:\ AGWA\ workspace\ tutorial_SouthPlatte directory (The default workspace location will need to be 

created by clicking on the Make New Folder button in the window that opens.). 

TIP  Always use a meaningful name to help identify the map document. Map documents can be saved 
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anywhere, but for project organization and to help navigate to the project workspace via the ArcCatalog 

window in ArcMap, we suggest saving the map document in the workspace location. 

If the AGWA Toolbar is not visible, turn it on by selecting Customize > Toolbars > AGWA Toolbar on the 

ArcMap Main Menu bar. Once the map document is opened and saved, set the Home, Temp, and 

Default Workspace directories by selecting AGWA Preferences from AGWA Tools > Other Options on 

the AGWA Toolbar. 

¶ AGWA Home Directory: C:\ AGWA\  

¶ AGWA Temporary Files Directory: C:\ AGWA\ temp\  

¶ Default Workspace location: C:\ AGWA\ workspace\ tutorial_SouthPlatte\  

The default workspace location will need to be created by clicking on the Make New Folder 

button in the window that opens if you did not create it when saving the map document earlier. 

 

GIS Data 
Before adding data to the map, connections to drives and folders where data are stored must be 

ŜǎǘŀōƭƛǎƘŜŘ ƛŦ ǘƘŜȅ ƘŀǾŜ ƴƻǘ ōŜŜƴ ŀƭǊŜŀŘȅΦ ¢ƻ ŜǎǘŀōƭƛǎƘ ŦƻƭŘŜǊ ŎƻƴƴŜŎǘƛƻƴǎ ƛŦ ǘƘŜȅ ŘƻƴΩǘ ŀƭǊŜŀŘȅ ŜȄƛǎǘΣ 

click on the Add Data button  below the menu bar at the top of the screen. In the Add Data form that 

opens, click the Connect to Folder button and select Local Disk (C:).  

Navigate to the C:\ AGWA\ gisdata\ tutorial_SouthPlatte\  folder and add the following datasets and 

layers:  

¶ demf10m ς Filled digital elevation model (10m GRID) 

¶ facg10m ς Flow accumulation grid (10m GRID) 

The Home directory contains all of the look-up tables, datafiles, models, and documentation required 

for AGWA to run. If this is set improperly or you are missing any files, you will be presented with a 

warning that lists the missing directories or files that AGWA requires. 

The Temp directory is where some temporary files created by AGWA will be placed. You may want to 

routinely delete files and directories in the Temp directory if you need to free up space or are 

interested in identifying the temporary files associated with your next AGWA use. 

The Default Workspace directory is where delineation geodatabases will be stored by default. This 

can be a helpful timesaver during the navigation process if you have a deeply nested directory 

structure where you store AGWA outputs. 
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¶ fdg10m ς Flow direction grid (10 m) 

¶ hillshade10m ς Hillshade (10m GRID) 

¶ huc12.shp ς 12-digit HUCS for the Cherry Creek Watershed 

¶ NHD_flowLine_withDigitized.shp ς NHDPlus stream network with defined flow direction 

¶ nlcd2001 ς Classified land cover from 2001 (30m GRID) 

¶ nlcd2011 ς Classified land cover from 2011 (30m GRID) 

¶ outlet_KINEROS.shp ς Piney Creek watershed outlet 

¶ outlet_SWAT.shp ς Upper Cherry Creek watershed outlet  

¶ pcp_gage.shp ς SWAT rain gages 

¶ ssurgo_PineyCreek.shp ς Soil Survey Geographic Database for Piney Creek watershed 

¶ statsgo.shp ς State Soil Geographic Database for the Cherry Creek watershed 

¶ SWAT_pcp1990.csv ς unweighted daily precipitation data for SWAT 

You will also need to add the following files from the C:\ AGWA\ datafiles\  folder: 

¶ lc_luts\ mrlc2001_lut.dbf ς MRLC look-up table for 2001 and 2011 NLCD land cover 

¶ wgn\ wgn_us83.shp ς Weather generator stations for SWAT 

You may want to collapse the legends and rearrange the order of the layers to better see what is going 

on. Click on the minus box next to the layer name in the Table of Contents to collapse the legend, or 

right-click on the Layers dataframe and select Collapse All Layers. Click and drag the layers by their 

names in Table of Contents to rearrange layer order. If you cannot rearrange the layer order, you may 

need to select the List By Drawing Order button in the Table Of Contents. 

 

To better visualize the different land cover types and associate the pixels with their classification, load a 

legend into the nlcd2001 and nlcd2011 datasets. To do this, right click the layer name of the nlcd2001 

dataset in the Table of Contents and select Properties from the context menu that appears. Select the 

Symbology tab from the form that opens. In the Show box on the left side of the form, select Unique 

Values and click the Import button  on the right. Click the file browser button, navigate to and 

select C:\ AGWA\ datafiles\ renderers\ nlcd2001.lyr and click on Add. Click OK to apply the symbology 

and exit the Import Symbology form. Click on Apply in the Layer Properties form and then on OK to exit 

this form. 
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The nlcd2001 and nlcd2011 datasets have the same legend and classification, so repeat the same 

procedure for the nlcd2011 dataset. 

Part 1: Modeling Runoff at the Basin Scale Using SWAT 
In Part 1, you will evaluate the impact of land use change from 2001 to 2011 using the National Land 

Cover Database (NLCD) on the Cherry Creek watershed down to the Cherry Creek Reservoir using the 

SWAT model. Watershed delineation, discretization, and parameterization will be covered, along with 

precipitation input file preparation, model execution, and results visualization. 

Step 1: Delineating the watershed  
1. Perform the watershed delineation by selecting AGWA Tools > Delineation Options > Delineate 

Watershed. 

DESCRIPTION  In the Delineator form, several parameters are defined including the output location, 

the name of the delineation, the digital elevation model (DEM), the flow direction grid (FDG), the 

flow accumulation grid (FACG), the watershed outlet location, and a search radius from the outlet 

location which AGWA will use to locate the most downstream location to use as the watershed 

outlet. 
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1.1. Output Location box 

1.1.1. Workspace textbox: navigate to and select/create 

C:\ AGWA\ workspace\ tutorial_SouthPlatte\  

 DESCRIPTION  The workspace specified is the location on your hard drive where the 

delineated watershed is stored as a feature class in a geodatabase. 

1.1.2. Geodatabase textbox: enter d1 

 NOTE  You will be required to change the name of the geodatabase if a geodatabase with 

the same name exists in the selected workspace. 

1.2. Input Rasters box 

1.2.1. DEM tab: select demf10m (do not click Fill) 

1.2.2. FD tab: select fdg10m (do not click Create) 

1.2.3. FA tab: select facg10m (do not click Create) 

1.2.4. Stream Grid tab: do nothing 

1.3. Outlet Identification box 

1.3.1. Point Theme tab: select outlet_SWAT 

1.3.2. Click the Select Feature button and click and drag to draw a rectangle around the 

point. 

 NOTE  The selection is restricted to the selected point theme. If more than one point 

exists in the selected point theme and the drawn rectangle intersects multiple points, the 

first intersected point in the point theme attribute table will be selected. 

1.4. Click Delineate. 

1.5. Save the map document and continue to the next step. 

At this point, the Cherry Creek watershed is delineated in a geodatabase named d1 at the workspace 

location selected. Inside the geodatabase, a feature class, also named d1, that represents the delineated 

watershed has been created and the selected outlet point, whether user-defined or selected from an 

existing point theme, will be copied into a separate feature class named d1_point. The discretization 

created next will also be stored in the geodatabase. 
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Step 2: Discretizing or subdividing the watershed  
2. Perform the watershed discretization by selecting AGWA Tools > Discretization Options > Discretize 

Watershed. 

DESCRIPTION  In the Discretizer form, several parameters are defined including the model to use, 

the complexity of the discretization, the name of the discretization, and whether additional pour 

points will be used to further control the subdivision of the watershed. 

2.1. Delineation: select d1\ d1 

2.2. Model: select SWAT2000 

2.3. Stream Definition Methodology: select Threshold-based 

2.3.1. Threshold-based: select CSA (acres) 

2.3.2. Threshold: enter 5855.23 

2.3.3. Percent Total Watershed: do nothing (Note: this value will change when we change the 

threshold) 

2.4. Internal Pour Points Methodology: select Default 

2.5. Discretization Name: enter d1s1 
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2.6. Click Discretize 

 
2.7. Save the map document and continue. 

 

 

Discretizing breaks up the delineation/watershed into model specific elements and creates a stream 

feature class that drains the elements. The CSA, or Contributing/Channel Source Area, is a threshold 

value which defines first order channel initiation, or the upland area required for channelized flow to 

begin. Smaller CSA values result in a more complex watershed, and larger CSA values result in a less 

complex watershed. The default CSA in AGWA is set to 2.5% of the total watershed area. The 

discretization process created a subwatersheds layer with the name subwatersheds_d1s1 and a 

streams layer named streams_d1s1. In AGWA, discretizations are referred to with their 

delineation\geodatabase name as a prefix followed by the discretization name given in the 

Discretizer form, e.g. d1\ d1s1. 
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Step 3: Parameterizing the watershed elements for SWAT  
3. Perform the element, land cover, and soils parameterization of the watershed by selecting AGWA 

Tools > Parameterization Options > Parametrize. 

3.1. Input box 

3.1.1. Discretization: select d1\ d1s1 

3.1.2. Parameterization  Name: enter p2001 

3.2. Elements box 

3.2.1. Parameterization: select Create new parameterization 

3.2.2. Click Select Options. The Element Parameterizer form opens. 
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3.3. In the Element Parameterizer form 

3.3.1. Flow Length Options: select Geometric Abstraction  

3.3.2. Hydraulic Geometry Options: select Default 

3.3.3. Channel Type box: select Default 

3.3.4. Click Continue. You will be returned to the Parameterizer form to create the Land Cover 

and Soils parameterization. 

 

3.4. Back in the Land Cover and Soils box of the Parameterizer form 

3.4.1. Parameterization: select Create new parameterization 

3.4.2. Click Select Options.  The Land Cover and Soils form opens. 

Element parameterization defines topographic properties of the subwatershed and channel 

elements. The properties defined depend on the model, but examples of SWAT properties include 

mean elevation, max flow length, and average slope for subwatershed elements and routing 

sequence, average slope, and channel dimensions for channel elements. The Hydraulic Geometry 

Options set channel dimensions using relationships between channel contributing area and channel 

depth/height. The Channel Type selection sets the infiltrability, roughness, and for KINEROS2, the 

armoring of the channel elements. The channel type parameters can vary from developed, concrete 

channels with low roughness and zero infiltrability to natural, very weedy reaches with high 

roughness and high infiltrability. The Default Hydraulic Geometry Options, unless edited, is 

equivalent to the Walnut Gulch Watershed, AZ relationship. The Default Channel Type, unless edited, 

is equivalent to the Natural channel type. 
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3.5. In the Land Cover and Soils form 

   
3.5.1. Land Cover tab 

3.5.1.1. Land cover grid: select nlcd2001 

3.5.1.2. Look-up table: select mrlc2001_lut 

NOTE  If the mrlc2001_lut table is not present in the combobox, you may have 

forgotten to add the table to the map earlier. If this is the case, click on the Add 

Data button and browse to the C:\ AGWA\ datafiles\ lc_luts\  folder and select the 

mrlc2001_lut.dbf, then select the mrlc2001_lut table from the combobox. 

3.5.2. Soils tab 

3.5.2.1. Soils layer: select statsgo 

3.5.2.2. Soils database: navigate to and select 

C:\ AGWA\ gisdata\ tutorials\ tutorial_SouthPlatte\ soildb_US_2002_statsgo_CO.db 

 

3.6. Click Continue. You will be returned to the Parameterizer form where the Process button will 

now be enabled. 

3.7. In the Parameterizer form, click Process. 

Land cover and soils parameterization defines land cover and soils properties of the subwatershed 

elements. The properties defined depend on the model, but examples of SWAT properties include 

the dominant soil type/id, curve number, and percent cover for subwatershed elements. 
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Step 4: Preparing  SWAT precipitation file s 
4. Write the SWAT precipitation file for the watershed by selecting AGWA Tools > Precipitation 

Options > Write SWAT Precipitation. 

   
4.1. SWAT Precipitation Step 1 form 

4.1.1. Watershed Input box: 

4.1.1.1. Discretization: select d1\ d1s1 

4.1.2. Rain Gage Input box: 

4.1.2.1. Rain gage point theme: select pcp_gage 

4.1.2.2. Rain gage ID field: select gageID 

4.1.3. Select Rain Gage Points box 

4.1.3.1. Click the Select Feature button to select the rain gage with gageID 22 in the view 

(the figure, above left, displays the location of the gage). The id number, 22, of the 

selected gage will be displayed in the Selected Gages textbox. 

4.1.4. Elevation Inputs box:  

4.1.4.1. Use Elevations Bands checkbox: leave unchecked. 

4.1.5. Click Continue. 

4.2. SWAT Uniform Precipitation form 

4.2.1. Write the *.pcp file box: 

4.2.1.1. Selected discretization theme: d1\d1s1 

4.2.1.2. Selected rain gage point theme: pcp_gage 

4.2.1.3. Selected rain gage ID field: gageID 
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4.2.1.4. Unweighted precipitation file: select SWAT_pcp1990.csv 

4.2.1.5. Enter a name for the precipitation file: enter 22 

 TIP  Using the gage ID of the selected gage as the filename can help keep track of 

the precipitation files in case other files are used to compare to in different 

simulations. 

4.2.1.6. Click Write. 

 
The 22.pcp file will be written to the C:\ AGWA\workspace\ tutorial_SouthPlatte\ d1\d1s1\ precip\ . 

AGWA will look in this folder for available precipitation files when writing the model input files. 

Step 5: Writing SWAT input files  
Writing the model input files creates a simulation directory and writes all required input files for the 

model. When writing the input files, AGWA loops through features of the selected discretization and 

reads the model parameters from the parameterization look-up tables to write into the input files for 

the model. 
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5. Write the SWAT input files by selecting AGWA Tools > Simulation Options > SWAT2000 Options > 

Write SWAT2000 Input Files. 

  
 

5.1. Basic Inputs tab: 

5.1.1. Watershed box: select d1\ d1s1 

5.1.2. Parameterization box: select p2001 

5.1.3. Climate Inputs tab: 

5.1.3.1. Weather Generator box: 

5.1.3.1.1. Select WGN Theme: select wgn_us83 

5.1.3.1.2. Selected Station: PARKER 9 E (see above figure for location) 

5.1.3.1.3. Keep Temporary Thiessen/Intersection Files: leave unchecked 

5.1.3.2. Precipitation box: 

5.1.3.2.1. Use observed precipitation: select 22 

5.1.3.3. Temperature box: select Generate temperature from WGN station 

5.1.4. Simulation Inputs tab: 
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5.1.4.1. Simulation Time Period box: 

5.1.4.1.1. Start Date: select Friday, January 1, 1999 

5.1.4.1.2. End Date: select Wednesday, December 31, 2008 

5.1.4.2. Select the Output Frequency box: select Yearly 

5.1.4.3. Simulation Name box: enter p2001 

5.1.5. Click Write. 

Step 6: Executing the SWAT model  
Executing the SWAT model opens a command window where the model is executed. By default, the 

command window stays open so that success or failure of the simulation can be verified. 

6. Execute the SWAT model for the Cherry Creek watershed by selecting AGWA Tools > Simulation 

Options > SWAT2000 Options > Execute SWAT2000 Model. 

  
6.1. Select the discretization: select d1\ d1s1 

6.2. Select the simulation: select p2001 

6.3. Click Run. 

A command window will open and show the execution of SWAT for the 10 year simulation 

period. The command window will stay open so that successful completion can be verified. 

Press any key to continue. 

 
6.4. Close the Run SWAT form.  
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